The acid hydrolysis of proteins was miniaturized and simplified by employing microcapillary tubes (100 l in volume) with 6 M HCl containing 1% 2-mercaptoethanol and 3% phenol for an amino acid compositional analysis. The method not only eliminated the laborious evacuation step for the hydrolysis tube but also decreased the destruction of tryptophan during hydrolysis. The recovery of tryptophan was 79% by acid hydrolysis at 145 C for 4 h. Since the acid mixture could be removed under vacuum, the hydrolysate was subjected to an amino acid analysis without neutralization or dilution.
An amino acid compositional analysis remains an important analytical technique for characterizing peptides and proteins. The analytical process consists of two steps, hydrolysis of a sample to yield free amino acids, and then chromatographic analysis and quantification of the amino acids. Although many improvements have been achieved for an amino acid analysis in terms of sensitivity, speed, and automation, the hydrolysis step used on a sample still represents the least controllable part of the whole analysis.
1) The most frequently used method for hydrolysis is heating with 6 M HCl in an evacuated and sealed tube. Since tryptophan is destroyed by a conventional hydrolysis, such protective agents as phenol, thioglycolic acid, 2-mercaptoethanol (ME), indole and tryptamine have been employed to recover tryptophan.
1) Liu and Boykins 2) have reported a procedure that utilized a hermetically sealed microcapillary tube for hydrolysis to eliminate the time-consuming process of tube sealing under vacuum. The method is based on the concept that oxidative degradation of labile amino acids during the acid hydrolysis of proteins can be reduced to a minimum by limiting the ratio of air to liquid in a microcapillary tube. A high recovery of tryptophan was obtained when the hydrolysis was carried out with 4 M methanesulfonic acid containing 0.2% tryptamine at 150 C for 90 min. However, the hydrolysate must be neutralized and diluted before a chromatographic analysis. In addition, the original procedure still requires some skill in introducing a sample into the microcapillary tube. We modified the method by adopting a volatile acid, 6 M HCl containing 1% ME and 3% phenol, instead of less volatile methanesulfonic acid for hydrolysis, and making easier the manipulation needed to introduce a sample into a tube. The hydrolysate could be dried under vacuum and subjected to an amino acid analysis without dilution or neutralization.
HCl (6 M) was prepared by distilling a mixture of concentrated HCl (Wako Chemicals, Osaka) and distilled water (1:1, v/v) and stored in screw-cap tubes at 4 C. Phenol and ME of analytical grade, and a standard amino acid mixture were purchased from Wako Chemicals. Methanesulfonic acid (4 M) containing 0.2% tryptamine was from Pierce (Rockford, IL, U.S.A.). SCarboxamidomethylated barnacle lectin (CAM-BRA-2) was prepared as described.
3) To introduce a sample into the microcapillary tube, an amino acid or protein solution (1 nmol in 50 ml) was first loaded into the microtube (1.5 ml in volume). One end of a microcapillary tube (100-ml Duran; Hirschmann Laborgerate, Germany) was sealed in a small flame, and the open end of the tube was dipped into the solution in the microtube. The two tubes were placed in a small suction vessel and evacuated for 5 min by an aspirator. By slowly breaking the vacuum, the solution was spontaneously sucked into the capillary tube. The capillary tube was then placed in a 8 Â 100-mm glass tube with the sealed end at the bottom, and the sample solution was then dried by a vacuum centrifuge. Fifty microliters of 6 M HCl containing 1% ME and 3% phenol was then taken into the microtube and sucked into the capillary tube by the same manipulation procedure. The capillary tube was finally sealed in a small flame just above the meniscus of the liquid and then heated at 110 C for 24 h or at 145 C for 4 h in an oven. After this hydrolysis, the tube was cut and, with the open end at the bottom, inserted into an Eppendorf pipette tip (20-ml), which was placed into an autosampler vial (200-ml). The hydrolysate was drained into the vial by briefly centrifuging and dried in a small vacuum desiccator warmed to 50-60 C. The residue was dissolved in 100 ml of a sodium citrate buffer y To whom correspondence should be addressed. Fax: +81-22-717-8807; E-mail: muramoto@biochem.tohoku.ac.jp Biosci. Biotechnol. Biochem., 69 (1), [255] [256] [257] 2005 Note (pH 2.2) and subjected to an amino acid analysis. This analysis was carried out by an amino acid analyzer (C-VP/LC-10AT, Shimadzu, Kyoto, Japan) equipped with a sodium cation-exchange column (Shim-pack AminoNa, 6 Â 100 mm), and post-column derivatization was conducted with o-phthalaldehyde (OPA).
Tryptophan decomposed completely in 6 M HCl either at 110 C for 24 h or at 145 C for 4 h in the microcapillary tube. However, the addition of ME 4) to 6 M HCl increased the recovery of tryptophan in a dose-dependent manner at 110 C for 24 h even without evacuation (Fig. 1) ; the recovery was 63% with 1% ME. On the other hand, the addition of phenol 5) to 6 M HCl had only a small effect on the recovery; 31% with 3% phenol. This result indicates the importance of evacuation from the hydrolysis tube in the case of phenol. The recovery was improved to 73% by the combined use of 1% ME and 3% phenol, and the higher temperature of 145 C was used to shorten the hydrolysis time. The addition of ME to 6 M HCl did not help to increase the recovery of tryptophan as shown in Fig. 1 , whereas phenol was effective for protecting tryptophan; the recovery was 58% with 3% phenol. The combined use of ME and phenol in 6 M HCl showed better tryptophan recovery (79%).
The recovery of various amino acids treated with 6 M HCl with or without 1% ME and/or 3% phenol in a microcapillary tube is summarized in Tables 1 and 2 . The combined use of ME and phenol gave good recovery for most of the amino acids at 110 C for 24 h and, in particular, the recovery of methionine was significantly improved. The recovery of amino acids was comparable to that with 4 M methanesulfonic acid containing 0.2% tryptamine. The recovery of serine was decreased by increasing the hydrolysis temperature to 145 C, and could not be improved by adding ME and phenol. This drawback could be overcome by incorporating a coefficient of destruction. This method was applied to the amino acid analysis of CAM-BRA-2. Acid hydrolysis was carried out at 145
C for 4 h with 1 nmol of the sample. The amino acid composition was in good agreement with the calculated values (in parentheses): Asx, 23.1 (23); Thr, 7.5 (8); Ser, 12.1 (13); Glx 22.5 (21); Pro, 8.3 (9); Gly, 6.5 (6); Ala, 15.0 (16); Val, 14.6 (15); Met, 1.5 (2); Ile, 3.0 (4); Leu, 10.1 (11); Tyr, 4.2 (6); Phe, 2.5 (4); His, 9.0 (9); Lys, 4.2 (5); Trp, 5.6 (6); Arg, 6.2 (7); S-carboxymethyl cysteine, 7.6 (8).
A miniaturized procedure not requiring the evacuation process may be advantageous for automating the hydrolysis process, especially with the combined use of microwave radiation-induced hydrolysis. 6) A hydrolysate in volatile 6 M HCl containing ME and phenol can also be directly subjected to pre-column derivatization method after evaporation, and analyzed by using conventional reversed-phase HPLC. 3) In addition, the manipulation procedure used to introduce a sample into a microcapillary tube that is described in this paper is applicable to any sample which can be dissolved in a volatile solvent such as water, acetic acid or trifluoroacetic acid.
